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Description 

FIELD OF THE INVENTION 

[0001 ] The invention relates to the field of surgery, and 
more particuiarty to instruments for facilitating the per- 
formance of surgical procedures involving the flow of 
blood. This technique has been generally described as 
percutaneous transluminal angioplasty. 

RAnKGRQUND OF THE INVENTION 

[0002] Obstructive coronary artery disease is gener- 
ally regarded as a serious health problem in the United 
States and most of the western world. When drug treat- 
ment fails or Inadequately controls angina pectoris, cor- 
onary artery bypass graft surgery is generally used. In 
1964 a translumenal coaxial catheter dilation method 
for dilating atheromatous lesions in peripheral arteries 
was introduced by Dotter and Judkins. This technique 
required sequential dilation of stenotic lesions and 
employed progressively larger dilating catheters. Sub- 
sequently in 1971 a "Fogarty balloon catheter" was 
used to perform translumenal arteriolplasty. Subse- 
quently, Qruntzig employed earlier techniques using a 
single double lumen catheter with a nondistensible bal- 
loon segment at its tip which was positioned in the 
lumen at the stenotic segment of a peripheral artery 
The elastic balloon segment was then inflated, resulting 
In compression of the atheromatous lesion in a manner 
perpendicular to the vessel, thus dilating the (umen. The 
balloon remained inflated for ten to fifteen seconds at 
seven atmospheres internal pressure and was then 
deflated. As a result, there was a significant reduction In 
complications due to endothelial damage, such as that 
caused by earlier known coaxial translumenal dilation 
technique and thus a marked improvement in vessel 
patency through the use of the Gruntzig catheter was 
achieved. 

[0003] In earlier designs, the amount of pressure 
which could be applied through a balloon type expander 
was limited and thus insufficient to dilate certain sten- 
otic lesions. This shortcoming was due to the use of pol- 
yvinylchloride balloons which had stnictural limitations 
that limited intemal pressures to approximately seven 
atmospheres. 

[0004] Other catheter designs resulted in a total ces- 
sasion of blood flow distal to the site of the treatment. 
Studies in living dogs with normal coronary arteries 
have shown that coronary translumenal angioplasty 
may be associated with brief, self-limited ventricular 
tachycardia. During the inflation of the balloon, distal 
coronary pressure falls to zero. Because of the lack of 
blood flow and the pressure distal to the treatment site 
the period of use such known catheters must be rela- 
tively short to prevent complications due to the lack of 
blood supply. This limitation on inflation time tended to 
reduce the success rate of the coronary translumenal 



angioplasty 

[0005] Tlie translumenal coronary angioplasty tech- 
nique consists of a catheter system introduced via the 
femoral artery under local anesthesia. A preshaped 
5 guiding catheter is positioned into the orifice of the cor- 
onary artery and through this catheter a second dilation 
catheter is advanced into the branches of the coronary 
artery The dilation catheter had an eliptical shape dis- 
tensible balloon portion near ite tip which could be 
10 inflated and deflated. After traversing the stenotic lesion 
of the coronary artery the distensible portion was 
inflated with fluid which compressed the atherosclerotic 
material in a direction generally perpendicular to the 
wall of the vessel thereby dilating the lumen of the ves- 
ts sel. Peripheral arterial lesions treated by this technique 
have demonstrated that the atheroma can be com- 
pressed leaving a smooth luminal surface. Studies have 
shown that the patency rate two years following the dila- 
tion of the iliac and femoropopliteal atherosclerotic 
20 lesions was greater than seventy percent. 

[q006] Although guiding catheters are used in place- 
ment of angioplasty (dilation) catheters, the angioplasty 
catheter can be placed in a stenotic lesion using solely 
the wire guide if the lesion is proximately located to the 
25 point of entry in the body The word "guide" as referred 
to in this application is directed to both wire guides and 
guiding catheters separately or as used in tandem. Typ- 
ically a guide of appropriate size Is advanced through 
the stenotic lesion and the balloon catheter Is threaded 
30 over it and advanced to the area of the stenosis. Once 
the area of the stenosis is reached, the balloon in the 
catheter is inflated to a high pressure depending on the 
size of the balloon and the type of stenosis, and the 
pressure Is held for a period of time. During the proce- 
ss dure the distal and proximal pressure is measured to 
evaluate the physiological conditions of the organ. More 
specifically the pressure differential is measured after 
deflating the balloon and is used as an indication of the 
degree of dilation achieved. 
40 [0007] Past designs have employed a stiff catheter tip 
on the angioplasty catheter which often resulted in pull- 
ing the guide out of the stenoic lesion as the catheter 
was advanced toward the legion. Separately, in using 
the angioplasty catheter, it was often necessary to 
45 measure the pressure distal to the catheter. Past 
designs onployed a guide closely fitting to the internal 
cross section of the distal lumen in the catheter thereby 
making it difficult to obtain adequate pressure measure- 
ments due to the large pressure drops involved as a 
so result of the usage of close clearances. The pressure 
measurements were of the nature of a dynamic meas- 
urement, the accuracy and frequency response of 
which was greatly and adversely affected by the pres- 
sure drops within the catheter measurement lumen. It 
55 was frequently required that the guide be retracted and 
replaced in order to achieve accurate pressure meas- 
urement. 

[0008] The use of angioplasty catheters often made it 
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necessary to infuse drugs or oxygenated blood, distal to 
the stenosis to provide adequate physiological function 
of the organ in question. Past designs did not provide for 
such a separate lumen to carry drugs necessary to pre- 
vent undue contractions of the arterial wall as a result of 
the Insertion of the angioplasty catheter. To the extent 
such drugs were necessary to relax the arterial wall, the 
lumen through which the guidewire passed served the 
auxiliary function of a drug injection port. However, 
usage of the same lumen for pressure measurement as 
wen as infusion of drugs or other fluids impeded the abil- 
ity to maintain continuous and accurate pressure meas- 
urements. 

[0009] Angioplasty catheters used in the past had rel> 
atively large catheter body diameters which tended to 
occlude the artery of concern causing reduced blood 
flow to the lesion or the organ It supplies. One such 
catheter is disclosed in U.S. Patent 4,323.071 (Fig. 4). 
Other catheters although using a tapered body, 
employed a rigid tip which, if the arterial path was par- 
ticularly tortuous, tended to pull the guide wire from the 
stenosis. One such catheter Is disclosed in U.S. Patent 
4,413,989 (Fig. 8). 

[0010] Flexible tips attached to the distal end of an 
angiographic catheter have been used to inject radio- 
paque contrast or medicaments into the femoral artery 
as part of diagnostic or treatment procedures. Such 
defbrmable tips had the object of preventing punctures 
of the wall of the aorta and have been provided to have 
a larger cross-sectional profile than the catheter body to 
which they are attached. Some designs even featured 
means to inflate the deformable tip to increase the con- 
tact area between the tip and the body tissue to reduce 
the pressure per unit area applied to the tissue. One 
such design is disclosed in US. Patent 4.531.943. 
[001 1] In past designs it was often difficult to estimate 
the location of the tip of the catheter. Prior designs 
employed the use of a gold band near the distal end of 
the catheter thereby making that portion of the catheter 
visible under an x-ray machine. However, because it 
was risky to attach such rings at the extreme cfistal end 
of the catheter, the extreme distal tip of the catheter was 
not visible under x-ray and often the physician perform- 
ing the procedure had to guess as to its location. This 
shortcoming of past catheters has been addressed in 
the catheter of the present invention by the provision of 
a radiopaque tip. 

[001 2] Known angioplasty catheters have dilation bal- 
loons attached to the catheter body by adhesives or by 
heat sealing. Most often, these balloons are made out of 
polyvinylchloride or irradiated polyethylene. Polyvi- 
nylchloride balloons are normally solvent or adhesive 
bonded to catheter bodies of the same material and pol- 
yethylene balloons are adhesive bonded or heat shrunk 
to catheter bodies of the same material, or a blend of 
polyethylene and polypropylene, so as to obtain cathe- 
ter body stiffness. Most such catheters have relatively 
stiff tips at their distal end which often causes the pre- 



placed guide to be pulled out of the lesion area during 
catheter advancement in tortuous arteries as well as 
intimal damage. Known catheters also contain relatively 
stiff bodies to carry the balloon adjacent the distal end 
5 of the catheter. The stiffness of the catheter body con- 
tinues in the area of the balloon up to the distal end of 
the catheter. 

[0013] Known catheters contain balloon lumen bleed 
holes whereby air can be removed directly out of the 

10 balloon cavity and out of the catheter during the filling of 
the balloon. These additional lumens either in the form 
of small metal tubes or as a multilumen catheter tube, 
consumed valuable cross-sectional area of the catheter 
tube that othenMse could be used for other purposes 

15 such as pressure measurements. 

[0014] Known catheter designs have employed an 
Inner and outer tube wherein the outer tube contains the 
balloon as an integral portion thereof or a separate bal- 
loon which is bonded to the outer tube. The annulus 

20 between the inner and outer tubes is used for inflation of 
the balloon. 

[0015] Known angioplasty catheters have been 
shipped in a sterilized condition to doctors and hospitals 
with the balloon In a deflated condition and having gas 

25 entrained therein. Prior to using such catheters, doctors 
or technicians had to inject a contrast fluid into the bal- 
loon to displace the gases therein. This procedure 
involved sequential filling and evacuation of balloon 
using a plunger connected to the proximal end of the 

30 catheter. Such catheters were shipped to doctors and 
hospitals with the balloon In a wing-folded condition. 
Essentially wing folding involved f latening of the balloon 
along the catheter body and folding the balloon over 
onto the catheter body in two segments which resemble 

35 wings coming from a fuselage. In the past, the catheters 
were wing-fblded in the factory prior to shipment How- 
ever, in order to remove the entrained gases, the doctor 
or technician had to unfold the wings and fill the balloon 
with contrast fluid while evacuating gases therefrom. As 

40 a result the advantage of the balloon tending to retain its 
wing-folded position after shipment was lost. The doctor 
or technician after filling the balloon with contrast fluid 
had to again attempt to manipulate the balloon with his 
or her fingers to reachieve the wing-folded position 

45 which reduced the profile of the catheter. 

[0016] The catheter of the present invention 
addresses this problem by prefilling the catheter with 
contrast fluid and 

[0017] placing a sleeve over the balloon after it has 
50 been wing-folded. Accordingly, the advantage of the 
wing-folding is retained and the doctor merely removes 
the sleeve and the sterile catheter is ready for insertion, 
with the balloon in a low profile position. 
[001 8] Document WO 87/00442 discloses a dilatation 
55 catheter or a balloon catheter assembly. The dilatation 
catheter has a balloon portion which expands when the 
catheter is pressurized, the catheter comprising: 
[0019] A shaft of elastomeric material reinforced with 
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lilaments. a portion of the shaft being capable when 
internally pressurized of the expansion In diameter to 
provide the balloon, the filaments of the balloon portion 
lying at an angle which is I ess than a predetermi ned alt- 
leal angle relativ to the axis, whereby, when the balloon 5 
portion is expanded under pressure, expansion of the 
balloons stops when the filaments lie at the critical 
angle. 

[0020] "me dilatation catheter further Includes inner 
tube means coaxlally disposed Inside the shaft. 10 
[0021] Furthermore. GB-A-2 1 72 205 discribes a dila- 
tation catheter wherein a shaft of the catheter com- 
prises a tube of braided material having a uniform 
coating on the outer surface thereof. The catheter has a 
major portion of its length over which the braided mate- is 
rial has more picks per unit length than it has over a 
minor portion whereby the said minor portion Is inflata- 
ble in response to the application of an Inflating fluid 
thereto, and said rnajor portion is not The shaft further 
comprises an inner tube of Impervious elastic material 20 
located inwardly of the tube of braided material and 
extending over the length of the catheter, and/or the 
major and minor portions are coniguous and the outer 
coating is bonded to the tube of braided material. 
[0022] Moreover, document EP-A-0 260 711 . a docu- 2S 
ment according to Article 54(3) and (4) EPC discloses a 
catheter instrument for treating patients for aortic steno- 
sis. An aortic valvuloplasty dilatation catheter according 
to this document comprises a multilumen catheter hav- 
ing a dilatation balloon and pressure sensing port 30 
means adapted for measuring pressure in the left ventri- 
cle of the heart. Furthermore, the balloon has a smaller 
and a larger balloon section with different Inflating diam- 
eters. 

[0023] It is an object of the present invention to pro- 35 
vide an angioplasty catheter which can be used to dilate 
a stenosis in progressively increasing dimensional 
Increments. 

[0024] It is an object of this invention to provide in one 
embodiment a soft atraumatic catheter tip in which radi- 40 
opaque fillers such as bismuth-oxychloride or bismutii- 
subcarbonate are incorporated. 
[0025] It is an object of tiie invention to provide In one 
embodiment a relatively soft catheter tip to minimize the 
tendency of the catiieter to dislocate a guide out of a 45 
stenosis when the catiieter is advanced in a tortuous 
path, and also minimize intimal damage. 
[0026] It is another object of this invention to provide 
in one embodiment a catheter tip which can be insert 
molded, heat bonded, or adhesive bonded to the rela- so 
tively stiff catheter body proximal to it. It Is a furtiier 
object of this invention to use material such as nylon, 
polyvlnylchloride, polyurethane, of different stiffnesses 
that are readily bondable using tiie aforementioned 
methods. 55 
[0027] It is a further object of this invention to provide 
in one embodiment an inner tube that is relatively large 
in Its Internal diameter and that Is necked down In the 



region of the balloon and for several centimeters proxi- 
mal to the balloon in order to provide a large lumen for 
pressure measurement. The catiieter provides an 
improved frequency response without sacrificing the 
total overall outside diameter and maintaining a rela- 
tively small diameter in tiie region of the balloon thereby 
maintaining a low profile catheter design. 
(P028] It is a furtiier object of this invention in one of 
its alternate embodiments to provide a bleed lumen to 
bleed gases out of the balloon wherein ttie lumen 
extends within the wall of the outer tube thereby avoid- 
ing sacrificing any of tiie catheter cross-sectional area 
for other lumens tiiereby allowing such otiier lumens to 
be of maximum cross-sectional area within a low profile 
catheter. 

[0029] It is a further object of this invention to provide, 
In one embodiment, an opening into tiie balloon cavity 
at its extreme distal end thereby facilitating the removal 
of gases during filling with contrast fluid. 

SUMMARY OF THE INVENTION 

[0030] The present invention comprises an angi- 
oplasty catiieter having an elongated body, a balloon 
and means for inflation of a balloon, wherein said elon- 
gated body comprises an inner body member and an 
outer body member in a coaxial arrangement and 
wherein the angioplasty catheter Is further character- 
ised in that the inner and outer body member define an 
annulus between them for Inflating the balloon, and said 
balloon has a plurality of stages of differing outside 
diameters when said balloon has been inflated, where- 
upon the same catiieter can be used to dilate a stenosis 
In progressively increasing dimensional Increments. 
The present Invention further comprises an angioplasty 
catheter has an elongated body witii at least one lumen 
extending therethrough. A tip, consti-ucted of materials 
softer than the elongated body is attached to the distal 
end of the body. The tip segment has at least one lumen 
passing tiierethrough which is in alignment with tiie 
lumen in the elongated body. A guide is adapted to pass 
through the aligned lumens. A balloon is connected to 
tiie distal segment of the elongated body over its outer 
periphery, tiiereby creating a balloon cavity therebe- 
tween. At least one additional lumen is provided in the 
elongated body In flow communication with the balloon 
cavity, for selective inflation and deflation tiiereof, with a 
contrast fluid. 

Brief Descrintion of the Drawings 
(0031] 

Figs. 1 to 7 and 10 show embodiments of catheters 
which illustrate some features that also apply to the 
invention. Figs. 8 and 9 are tiie only figures that 
show a catheter with a balloon according to the 
invention witii several stages. 
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Fig. 1 is a sectional elevational view o1 one a cathe- 
ter showing some features of the present invention 
errploylng a coaxial design and having a tip with an 
outside shoulder. 

Fig. 2 is a sectional elwational view of the coaxial s 
design as shown in Fig. 1 with an altemative bal- 
loon mounting. 

Fig. 3 is a sectional elevational view of the coaxial 
design of Fig. 1 showing an alternative mounting of 
the proximal end of the balloon. 
Fig. 4 is a sectional elevational view of an alterna- 
tive mounting of the distaPend of the balloon; 
Fig. 5 is a sectional elevational view of an embodi- 
ment, of the tip showing a spring embedded 
therein; 

-Fig. 6 is a schematic representation of an embod- 
iment of an angioplasty catheter showing pressure 
measurement techniques using externally mounted 
transducers; 

Fig. 7 is a schematic representation of an embodi- 
ment of an angioplasty catheter illustrating place- 
ment of pressure sensing transducers on the 
catheter. 

Fig. 8 is a sectional view of the distal end of an angi- 
oplasty catheter according to the present invention 
illustrating a two stage balloon; 
Fig. 9 Is a detailed sectional view of the area shown 
In the dashed circle in Fig. 8; 
Fig. 10 Is a representation of an ennbodiment of an 
angioplasty catheter as shown in Fig. 1 Illustrating 
several unique dimensional relationships therein.-- 

DETAILED DESCRIPTION OF T HE PREFERRED 
gMBQDIMENT 

[0032] The catheter C of the present invention has 
several embodiments described hereinbelow and illus- 
trated in the figures. Fig. 1 illustrates a coaxial design for 
a catheter having an inner body member I, an outer 
body member B. Annulus A is defined between inner 
body member I and outer body member B. A tip T Is 
connected to Inner body member I. A fc>alloon D Is con- 
nected to outer body member B on one end and adja- 
cent the distal end 10 of inner body member I. 
[0033] As shown in Fig. 1 . inner body member I has at 
least one lumen 1 2 therein and extending therethrough. 
Tip T has an axial lumen 1 4 which is aligned with lumen 
12 when tip T is affixed to distal end 10 of inner body 
member I, As seen in Figs, 1 and 2. Inner body member 
I extends beyond outer body member B. As previously 
stated, one of the objectives of the catheter C of the 
present invention is to provide for a low profile without, 
at the same time affecting the sensitivity of dynamic 
pressure measurements within the artery In question. 
To this end, lumen 12 has a relatively large cross-sec- 
tional area as shown by arrow 16 for substantially the 
entire length of the catheter. However, in order to avoid 
impeding the blood flow into the stenotic region in which 



the angioplasty procedure is to take place, it is desirable 
to have the distal end 18 of the catheter assembly C as 
small as possible to avoid interruption of blood flow. 
Accordingly, inner body member 1 has a tapered seg- 
ment 20 which in effect necks down the cross-sectional 
area of lumen 1 2 from the section as shown by arrow 1 6 
to a smaller cross-sectional area shown by 22. 
[0034] As shown in Rg. 1 , balloon D, which is prefer- 
ably constructed of polyethylene or polyester, has an 
elongated shape which defines an annular cavity 24 
between the outer surface 26 of inner body member 1 
and the inner surface 28 of balloon D. Cavity 24 is in 
flow communication with annulus A. Cavity 24 is capped 
off at its distal end 30 (Fig. 2] in one of several alterna- 
tive methods, in the first alternative, balloon D has a dis- 
tal neck 32 which is bonded, seated or othenvise joined, 
using methods known in the art, to the outer surface 26 
of inner body member 1. Tip T has an internal mounting 
shoulder 34 (Fig. 2) which includes annular surface 36 
and radial surface 38 adjacent thereto. Tip T is butted 
against the distal surface 40 of inner body member I as 
can readily be seen in Fig. 2. Tip T is secured to inner 
body member I, by methods known in the art on at least 
two adjacent surfaces: to wit, 36 and 38. Tip T can be 
further secured to the catheter C by connecting distal 
neck 32 of balloon D to radial surface 42 of balloon D. 
With the above-described arrangement, the distal end 
18 (See Fig. 1) of the catheter C maintains a low profile 
as the outer surface 44 of balloon D at distal neck 32 is 
maintained substantially flush to the outer surface 46 of 
tipT 

[0035] Alternatively, as shown in Fig. 1 . tip T can have 
the same internal shoulder design 34 as illustrated in 
Fig. 2. In the alternative design shown in Fig. 1 , tip T has 
an external mounting shoulder 48 which has a annular 
surfece 50 and a radial surface 52 adjacent thereto. Dis- 
tal neck 32 of balloon D is secured to annular surface 50 
and radial surface 52 of tip T The connection method 
illustrated in Fig. 1 provides additional security in 
mounting of tip T in that apart from contact between 
inner body member I and annular surface 36 and radial 
surface 38, of internal mounting shoulder 34, additional 
mounting points exist due to the bond between distal 
neck 32 and external mounting shoulder 48. It is to be 
understood that distal neck 32 can be secured to exter- 
nal mounting shoulder 48 by various means known in 
the art. Similarly, shoukier 34 can be secured to inner 
body member I by known means. The nnounting method 
illustrated in Rg. 1 results in outer surface 44 of balloon 
D adjacent neck 32 being flush with outer surface 46 of 
tip T However, due to the use of the external shoulder, 
the profile of catheter C as Illustrated in Fig. 1 is slightly 
larger than the profile illustrated in Fig. 2. 
[0036] Rg. 4 illustrates yet another alternative embod- 
iment for securing tip T to the distal end 40 of inner body 
member I, Tip T is preferably melt bonded to distal end 
40 and has an outer periphery similar to outer surface 
26 of inner body member I. Accordingly, outer surface 
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46 of tip T is aligned with outer surface 26 of inner body 
member I. The distal neck 32 of balloon D spans the 
mett bonded joint 76 between tip T and inner body 
member 1. A tapered transition 78 is provided between 
outer surface 44 of balloon D and outer surface 46 of tip s 
T, to avoid damage to the arterial wall during insertion 
and removal of the catheter C. The inner surface 28 of 
balloon D is preferably connected to both the outer sur- 
face 26 of inner body member I and the outer surface 46 
of tip T by known methods. Alternatively. Inner surface ro 
28 may be joined solely to outer surface 48 although it 
may also contact surface 26. As a result, the proximal 
neck 32 secures tip T to inner body member I, annularly 
witti tip T also connected to inner body member 1 along 
notched radial surfaces making up joint 76. The is 
arrangement shown in Fig. 4 also presents a low prof Oe 
for the catheter C while adding the advantages of a flex- 
ible tip to counteract the tendency of an othenvise stiff 
cattieter to dislocate the guide from the stenosis where 
a particularly tortious arterial path must be negotiated to 20 
reach the stenosis. 

[0037] Experience has shown that distal neck 32 of 
balloon D can be fabricated to be 0,01cm (.004 Inches) 
thick. The proximal end 54 (Fig, 2) of tip T can also be 
manufactured to the same thickness which results in a 25 
smooth transition between the balloon D and tiie tip T 
with a minimal Increase In tiie profile of tiie catheter. 
[0038] In order to further decrease the profile of the 
catheter, and tinus facilitate blood flow to the lesion 
when the distal end of tine catheter is moved toward the 30 
stenosis, the proximal neck 56 of balloon D is secured to 
the inner surtece 58 of outer body member B adjacent 
distal end 60 of outer body member B. A buffed and 
smoothened edge 62 Is used adjacent outer surface 44 
of balloon D adjacent distal end 60 of outer body mem- 35 
bet I. The use of the smoothed edge 62 which has a 
slight taper thereon, eliminates any sharp edges which 
could irritate or tear through tiie arterial wall on Insertion 
or removal of the catheter C. As can readily be seen 
from examining Figs. 1 and 2 when balloon D Is 40 
deflated, tiie maximum profile of the distal end 18 of 
catheter C is represented by the diameter of tip T (sur- 
face 46) as measured in a plane perpendicular to the 
longitudinal axis of catheter C. 

[0039] The flexibility of tiie catheter C may be adjusted 45 
in several ways. One way to affect the relative stiffness 
or ttie distal end 18 of catiieter C, which extends from 
the distal end 60 of the outer body member B to the end 
of tip T is to vary ttie lengtii of proximal neck 56 of bal- 
loon D. The neck 56 can be varied from 1-60 mm, by so 
example and not by way of limitation. Along tiie same 
lines, the overall length of tip T can be adjusted to affect 
the bendabilrty of the assembly of tiie catheter C. 
Another way to affect the overall stiffness of ttie distal 
end 18 of catiieter C is to prepare tiie formulation of 55 
inner body member I and tip T to varying hardnesses. 
Typically, by example and not by way of limitation, tiie tip 
T can be in tiie range of 50 to 90 A hardness as meas- 



ured by the Shore method and can be made from a 
material such as nylon. The inner body member I, by 
example and not by way of limitation, can be made of a 
strffer grade of nylon such as approximately 140 on the 
Rockwell scale. The relative hardnesses of the tip T and 
the inner body member I can be adjusted in conjunction 
witti adjustments of the length of proximal neck as well 
as the overall length of tip T to achieve the desired stiff- 
ness of catheter C for a particular application. Typically, 
tip lengtiis can be in the range of one to thirty millime- 
ters, by example and not by way of limitation although a 
range of 1-10 mm. is preferred. Similarly, proximal neck 
56 can be provided in varying lengths in the range of 
one to six centimeters, by example and not by way of 
limitation. 

[0040] As an alternative way to modulate tiie relative 
stiffness of tiie distal end 18 of the catiieter C. Fig. 5 
illustrates the tip T in the embodiment illustrated in Fig. 
3 witii an embedded coil spring 80 mounted toward the 
most distal end 74 of tip T As shown in Fig. 4, spring 80 
circumscribes the lumen 14 extending through the tip T. 
The lengUi and spring rate of spring 80 can be adjusted 
depending on the desired stiffness. However, the overall 
profile of tiie tip must be retained at a level as small as 
possible. It should be noted that when using spring 80 
embedded in tip T an infusion lumen 70 as disclosed in 
Fig. 6 is generally not used. 

[0041] As seen in Figs. 1 and 2. annulus A has a sub- 
stantially constant cross-section proximally and distaily 
to tapered segment 20 on inner body member I. This is 
accomplished by a taper 64 on outer body member B 
adjacent to its distal end 60. Taper 64 is aligned witti 
tapered segment 20 of inner body member I. A suitable 
contrast fluid (not shown) is Inserted into annulus A from 
ttie proximal end of the cattieter C (not shown) to fill up 
cavity 24 thereby inflating ttie balloon and exerting 
radial forces against the stenosis. 
[0042] The low profile of the catiieter C of ttie present 
invention as shown in Figs. 1 and 2 is significant in per- 
mitting continual blood flow while the catheter C Is 
Inserted into an artery such as the coronary artery. The 
low profile of the catheter of tiie present invention 
presents an improvement over otiier known designs in 
tiiat the low profile permits continued blood flow as the 
catheter C is inserted Into the artery while at the same 
time, catheter C of tiie present invention permits sensi- 
tive pressure measurements during the angioplasty pro- 
cedure. Since measurement of pressure is a dynamic 
type of measurement, it is significant not to increase the 
flow resistance in lumens 12 and 14. A substantially 
smooth wall in lumens 12 and 14 can reduce such 
resistance to fbw. 

[0043] As shown Rgs. 1 and 2, a guide nnust pass 
ttirough aligned lumens 12 and 14. The necking down of 
lumen 1 2 to the cross-section depicted by an-ow 22 acts 
to increase ttie flow resistance thereby tending to make 
pressure measurements more difficult. However, ttiis 
section of lumen is of relatively short length and neces- 
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sary in order to achieve the low profile nature of the dis- 
tal end 18 of catheter C. Transitions 20 and 64 allow the 
cross-sectional area of lumen 12 to increase In size, 
measured in a proximal direction, as soon as is possi- 
ble. As a result the overall flow resistance of lumens 12 
and 14 is kept to a minimum which In turn Increases the 
sensitivity of the requisite pressure measurements. At 
the same time, the cross-sectional area of annulus A 
remains constant up until proximal neck 56 of balloon D 
Is mounted to the inner surface 58 of outer body mem- 
ber B. By maintaining the cross-sectional area of annu- 
lus A as large as possible, the resistance experienced 
by doctor or a technician In inflating balloon D is kept to 
a minimum. 

[0044] Rg. 3 represents an alternative mounting of the 
proximal end of the balloon to the distal end 60 of outer 
body member B. As shown in Fig. 3 the balloon inner 
surface 28 is mounted to the outer surface 66 of outer 
body member B adjacent its distal end 60. A vent lumen 
68 is provided within the wall of outer body member B. 
As seen in Fig. 3, by providing vent lumen 68 in ttie wall 
of outer body member B, the cross-sectional areas of 
lumen 12 or annulus A remain uneffected. The pres- 
ence of vent lumen 68 extending longitudinally into cav- 
ity 24 from proximal end of the catheter C (not shown) 
facilitates the purging of entrained gases witiiin the bal- 
loon prior to insertion of tiie catheter C within the k>ody. 
In order to use the catheter C, tiie entrained gases are 
purged from cavity 24 as well as annulus A by the injec- 
tion of a contrast fluid. The contrast fluid (not shown) is 
injected with a syringe into annulus A. The contrast fluid 
flows into cavity 24 which Is In flow communication with 
annulus A. By holding the distal end 18 of tiie catheter 
C In a vertical position with the tip T pointing towards the 
ground, and by further withdrawing the plunger of the 
syringe injecting the contrast fluid, the air or other 
entrained gases within cavity 24, due to the vacuum 
resulting from the withdrawal of the plunger (not shown) 
is drawn from cavity 24 through annulus A and out of the 
catheter C. The vent lumen 68 in the design of Fig. 3 fur- 
ther facilitates the purging of entrained gases. Experi- 
ence has shown tiiat with a proper amount of care, the 
entrained gases can also be effectively removed from 
cavity 24 without the use of vent lumen 68. However, the 
presence of lumen 68 streamlines the procedure. 
[0045] Although inner body mender I and tip T have 
been shown with a unitary lumen 12 and 14. respec- 
tively, alternate constructions are within the purview of 
the invention. For example, inner body member I and tip 
T can have two aligned lumens. The first lumen accom- 
modates a guide wire and/or a guiding catheter and is 
used to measure pressure tiirough the catheter C in the 
zone distal to the stenosis. The adjacent lumen which is 
substantially parallel to tine initial lumen can be used to 
infuse oxygenated blood and other fluids distal to the 
balloon. The infusion lumen 70 preferably exits radially 
from tip T proxinnal to the distal end of tip T as shown in 
Rg. 6. Lumen 70 may also exit at an acute an^^le to the 



longitudinal axis of tip T 

[0046] As seen in Fig. 3. tip T can be further con- 
structed to have a reducing taper 72 to further reduce 
tiie cross-sectional area tip adjacent its most distal end 
5 74. In order to aid tfie performance of the angioplasty 
procedure, tip T can be made of a radiopaque material 
to allow close monitoring of its axial position in the arte- 
rial system of the body. 

[0047] TTie Catheter C of tiie present invention has a 

10 soft tip T which extends from the most distal end point 
74 (Figure 3) to a point adjacent to tfie distal neck 32 of 
balloon D. The soft tip T is juxtaposed adjacent to the 
distal end 10 of inner body member I (Figure 3). The soft 
tip T reduces the tendency of an overly stiff catheter to 

IS pull out the guiding catfieter from the coronary artery 
ostium and/or pull the guidewire from the stenosis when 
tiie angioplasty catheter C Is advanced tiirough a tortu- 
ous arterial passage. At the same time the distal end 10 
of the inner body member 1 being relatively stiffer than 

20 the tip T provides the necessary rigidity for precise 
placement of the balloon D wittiin tiie stenosis. Addition- 
ally, tiie relative stiffness of distal end 10 under Balloon 
D resists constriction of lumen 12 due to hydrostatic 
pressures exerted by an inflated balloon D. The resist- 

25 ance to lumen constriction is achieved In the catheter 
design as shown in Fig. 1 , for example. 
[0048] One of the problems associated with catiieters 
In prior use is tiie need to obtain accurate dynamic 
measurements of arterial pressure upstream and down- 

30 Stream of balloon D during inflation and after deflating of 
tiie balloon. The system previously employed is illus- 
trated in Figure 6. As seen in Rgure 6. ttiere is a sche- 
matic representation of the angioplasty catiieter C. A 
terminal fitting 200 includes a connection 202 and a 

35 ti^nsducer 204 which converts the upstream pressure, 
at a position indicated by arrow 206 to an electrical sig- 
nal which shows tiie pressure on recorder 208. Simi- 
larly, another terminal fitting 210 allows fluid 
communication with the pressure in the artery 21 2 distal 

40 to balloon D. Anrow 214 represents a point at which the 
arterial pressure is measured downstream of balloon D 
through a fluid connection through terminal fitting 210. 
Transducer 216 converts the pressure measured at a 
point indicated by arrow 214 

45 [0049] In the past, several problems were encoun- 
tered in using the pressure measurement system illus- 
trated in Rgure 6. Frequentiy, to facilitate the use of tiie 
catheter C. the lead lines 218 and 220 were fairly 
lengtiiy Lead lines 218 and 220 were frequentiy made 

so from soft, compliant materials, which tended to affect 
dynamic pressure readings at the points indicated by 
arrows 214 and 206. Additionally, during the angioplasty 
procedure, blood or contrast media must be injected 
into connections 202 and/or 222 which requires tempo- 

55 rary disconnection of tfie tubes. 

[0050] In tiie past, prior to insertion of the catheter, the 
long load lines 218 and 220 had to be flushed with a 
fluid to purge all air from such lines. Additionally, when 
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blood or contrast media have to be injected tlirough 
connections 202 or 222, such injection took place 
through fittings in lines 21 8 and 220. As the connections 
were temporarily removed during injection of blood or 
contrast media, entrapment of air into lines 218 and 220 s 
was a potential problem. Thus, the doctor had to take 
time to insure that air was eliminated from lines 21 8 and 
220 prior to connecting the lines 218. and 220 back to 
the catheter, 

[0051 ] TTie length of leads 21 8 and 220 coupled with io 
the compliant wall of such lines also affected the sensi- 
tivity of dynamic pressure readings seen on the 
recorder 208. 

[0052] Figure 7 illustrates an improvement over the 
prior pressure measurement system shown in Figure 6. is 
As seen In Figure 13, the guiding catheter 224 is 
equipped with a pressure transducer 226 mounted to its 
hub or adjoining "Y" connector and having a sensor 
exposed to the arterial pressure upstream of balloon D 
at a point Illustrated by arrow 206. Transducer 226 can 20 
also be mounted to the body of catheter C without 
departing from the spirit of the invention. The angi- 
oplasty catheter C having the construction illustrated in 
Figur 1, by example, and not by way of limitation, has a 
transducer 228 mounted to the hub or "Y" connector of 25 
the PTCA catheter or atternatively, embedded in its wall 
with a sensing element exposed to the arterial pressure 
downstream of balloon D at a point indicated by arrow 
214. Suitable wires, emerge through fittings 200 and 
210. respectively. Wires 230 and 232 are then con- 30 
nected to recorder 208 to give a visual readout of the 
pressure between two points, upstream and down- 
stream of the inflated balloon D. 
[0053] The inaccuracies in pressure measurement 
experienced by the system illustrated in Figure 6 and 3S 
described above, are eliminated In favor of a more sen- 
sitive system, which more accurately tracks the pres- 
sure proximally and distally of balloon D during inflation. 
AddHionally. with the system as illustrated in Rgure 7, 
connections such as 222 or 202 can be closely mounted 40 
to terminal fittings 210 and 200 respectively so that 
drugs or blood can be infused with minimal risks of intro- 
duction of air into the catheter. 
[0054] Another aspect of the invention is perfusion of 
blood distally of an inflated balloon to reduce ischemic 45 
reactions downstream of the balloon. By perfusing 
blood, preferably from the renal vein of the patient dur- 
ing balloon inflation, ischemic manifestations during 
prolonged coronary dilations of the balloon D are ade- 
quately suppressed. Hemoperfusion allows a more ade- so 
quate and more durable remolding (dilation) of coronary 
plaque during angioplasty. A suitable blood withdrawal 
apparatus in connected to the renal vein (not shown) 
and through a blood pump is directed into connection 
222 as represented by an'ow 234. Renal blood is pre- 55 
ferred due to its high oxygen content. Using perfusion of 
renal blood, allows the balloon inflation time to be 
extended to five minutes or more. Without distal hemo- 



perfusion, patients can experience chest pain and elec- 
trocardiographic signs of progressive significant 
ischemia at a period of over 60 seconds balloon infla- 
tion. In the past, only poor flow rates were achieveable 
through coronary dilation catheters. And as most PTCA 
procedures could be performed, without myocardial 
protection for 60 second t>aIloon inflations efforts to pro- 
vide distal profusion were abandoned. In a 1984 article 
in the Journal of the American College of Cardiology, 
Meier and Gruentzig, in an article entitled "Percutane- 
ous Arterial Perfusion of Acutely Occluded Coronary 
Arteries in Dogs", described an experimental danine 
model in which a roller pump was used for as long as 
150 minutes allowing flows of up to 100 ml/min. The 
incidence of hemolysis and thrombosis was considered 
unacceptable Other eocperiments involved selective 
Injection of exogenous fluids for distal coronary per- 
fusion during PTCA. Fluorocarbon emulsions were 
mildly successful in reducing ischemic manifestations 
during balloon inflation but were associated with a high 
incidence of ventricular fibrillation. 
[0055] Experiments have shown that with existing 
catheters available in the U.S. market, manufactured by 
USCl inflated up to ten atmospheres, pressures of 0,34 
MPa to 0,52 r^Pa (50 to 75 psQ were sufficient to yield 
blood flow rates of 40 to 60 ml/min. The inflation of the 
balloon, at certain times, however causes collapsing of 
the through lumen of the catheter. Other commercially 
available catheters, such as those made by the ACS 
Company, however required pressures as high as 1 ,72 
to 1,86 MPa (250 to 270 psi) to achieve the same flow 
rates. Infusion of 40 to 60 ml/min. of blood allows for 
adequate suppression of ischemic manifestations of left 
anterior descending coronary arterial occlusions. 
[0056] Relatively long term sub-selective coronary 
hemoperfusion can be used with patients with accute or 
impending myocardial infarction whether PTCA related 
or not Such long term applications require catheters 
having as low as possible a resistance to blood flow 
along with automatic pumping equipment to provide reli- 
able flows for prolonged periods. The resulting improve- 
ments in regional coronary blood flow would be 
immediate and dramatic. Chest pain would be reduced 
or eliminated, ST-T segment changes would be reduced 
or normalized. The patient's hemodynamic status and 
rhythm would also be stabilized. The use of long term 
hemoperfusion would offer patients the hope of under- 
going angioplasty and/or surgery under semi- elective 
conditions. The use of oxygen rich renal blood allows for 
use of lower flow rates to prevent ischemia while being 
a low risk and non complicated method for withdrawal of 
blood as compared to use of arterial blood from a femo- 
ral artery. Thus lower pump pressures can be used with 
a property designed catheter. Damage to the blood due 
to high operating pressures is reduced. Contamination 
or other complication which can arise by using a foreign 
blood as a source of the periused blood is greatly 
reduced if not eliminated. 
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[0057] In order to facilitate distal hemoperfusion with 
blood having hemocrit levels of about 30 • 50%, it is 
desirable to reduce the resistance to blood flow through 
lumen 12 (see Figure 1). To that end, it is desirable to 
maintain the following ratios: 

Li = The length given by arrow 224 in cm (Inches) 
L2 B The length given by arrow 248 in cm (inches) 
Di « The lumen Inside diameter given by arrow 242 
D2 s The lumen inside diameter given by arrow 246 




[0058] K ranges from about 2-4 for blood having a 30- 
50% hemocrit level. 

[0059] it has also been found that a specific dimen- 
sional relationship between the diameters of lumen 12, 
in the positions of arrows 16 and 22, as well as the 
length of the distal end of the catheter (measured from 
tapered segments 20 and 64 to the distal tip 74) and the 
length of the catheter proximally to transitions 20 and 
64, provides optimal conditions to facilitate distal per- 
fusion at reduced resistance to flow. 
[0060] The variables just described are identified in 
Figure 10. The inside diameter of lumen 12 is Indi- 
cated by an-ow 242. The length ^ is represented by 
an-ow 244. The diameter O2 of lumen 12 is represented 
by anrow 246. The length L2 of the distal segment of 
lumen 12 represented by anrow 248. 
[0061] For human whole Wood of Hemocrit level of 30- 
50% the dimensional relationships yielding the lowest 
pressure drop for catheters configured as shown in Rg. 
10 is: 

AP (PSl) « 5.2 X 10'^° + -^^j 



[0062] The figure 5.2x10-10 a constant for the blood 
as described above and includes a factor for justifying 
the units on both sides of the equation. Different values 
for this constant are used for other fluids. Q is the flow 
rate in cubic inches per min. 

[0063] Another Inprovement over angioplasty cathe- 
ters previously in use in illustrated in Figure 8. PTCA 
catheters of known constructions or of the types Illus- 
trated in Figure 1 , can be employed with the multi-stage 
balloon D illustrated in Figure 14. The balloon may be 
formed to have two stages as illustrated In Figure 8 or a 
muHrtude of stages as desired. The advantage of using 
a multi-staged balloon Is that the same catheter can be 
used to remold or dilate coronary plaque during angi- 
oplasty without the necessity of having to remove one 



catheter and inserting another having a larger balloon 
capable of dilating the plaque further than the prior cath- 
eter. Thus, in operation, as shown In Figure 14. the ini- 
tial dilation of the plaque is done by placement the 

5 smaller stage 236 of the balloon 0 in the stenosis and 
dilating the plaque. The balloon D is then deflated and 
inserted further into the stenosis so that the distal stage 
238 is inserted into the stenosis. The balloon is then 
relnf latad for further dilation of the coronary plaque. The 

10 ratios between the stages can be made to vary depend- 
ing upon the anticipated application. The balloon can be 
provided with two stages or more, as desired, depend- 
ing on the application. 

[0064] The dotted circle labeled 1 5 in Figure 8 is ilius- 

IS trated in tiie section shown in Figure 9. Figure 7, illus- 
trates a coating of the entire catiieter especially the 
balloon, with a combination silicone type 4159 from 
Dow Corning Company and heparin layer 240 as illus- 
trated in Figure 9. The silicone adds to the lubricity of 

20 tiie catheter C and the heparin prevents tiie formation of 
dots. Heparin is interstltially placed wMn the silicone 
matrix and than made to adhere to the catheter C walls 
including the balloon D. Prior applications Involved 
heparin coated catheters in combination with a polymer 

25 which did not provide lubricity. The combination of sili- 
cone and heparin yields both advantages simultane- 
ously. The catheter is plasma treated in order to obtain 
a suitable bond of the silicone/heparin layer to the cath- 
eter material, which by example and not by way of llmi- 

30 tation may be polyettiylene. 

Claims 

1. An angioplasty catheter (C) having an elongated 
35 body, a tsalloon (D) and means for inflation of a bal- 
loon; 

said elongated body comprises an inner body 
member (1) and an outer body member (B) in a 
40 coaxial arrangement; 

wherein 

the inner and outer body member define 
an annutus (A) between them for Inflating 
45 the balloon (D), and 

said balloon (D) has a plurality of stages of 
differing outside diameters when said bal- 
loon has been inflated; whereupon the 
so same catheter (C) can be used to dilate a 

stenosis in progressively increasing 
dimensional increments. 

2. The catheter of claim 1, characterized in that said 
55 inner body member (I) comprises a tapered seg- 
ment (20). 

3. TTie catheter of claim 1 or 2. characterized in tiiat 
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said outer body member (B) comprises a tapered 
segment (64). 

The catheter of any of claims 1 to 3. comprising: 

5 

a first pressure-sensing element mounted to 
the catheter (C), said first element adapted to 
sense pressure in the vascular system or the 
patient's body cavity distally (214) of said bal- 
loon (D) and transmit a first electrical signal in io 
relation thereto; 

a second pressure-sensing element mounted 
to the catheter (C), said second element 
adapted to sense pressure in the vascular sys- is 
tem or the patient's body cavity proximally 
(206) of said balloon (D) and transmit a second 
electrical signal in relation thereto; 

signal conduction means (230, 232) mounted 20 
to the catheter (C) connected to said first and 
second pressure-sensing elements for con- 
ducting said first and second electrical signals 
from the proximal end of the catheter (C) 
located outside the patient's body. 25 

The catheter of any of claims 1 to 4. insertable over 
a guide, wherein: 

said elongated body has a proximal and distal so 
segment a tip (T). which defines at least one 
substantially smooth-bore lumen (14) extend- 
ing therethrough, a lumen (12) in said body in 
flow communication with said lumen (14) in 
said tip (T) thereby allowing the catheter (C) to 3s 
be advanced over a guide extending through 
said lumen (12. 14) In said body and in said tip 
(T); 

said balloon (D) is mounted in close proximity 40 
to the outer surface of said distal segment of 
said body defining a balloon cavity (24) there- 
between, said balloon (D) has a proximal and 
distal neck, said balloon (D) is disposed sub- 
stantially proximally to said tip (T). said distal 4S 
neck of said balloon (D) is mounted adjacent to 
the juncture between said elongated tip (T) 
segment and said distal end of said distal seg- 
ment of said body; and 

50 

means within said body for selectively inflating 
and deflating said balloon (D) through said cav- 
ity (24). 

The catheter of claim 5. insertable over a guide, ss 
wherein said body being harder than said tip (T). 

The catheter of daim 5 or 6, wherein: 



the proximal end of said tip (T) has an adjacent 
internal mounting shoulder (34) circumscribing 
said lumen (14) extending therethrough; 

said shoulder (34) is mounted to the distal end 
(10) of said distal segment of said body; and 

the distal neck of said balloon (D) is connected 
directly onto the outer surface of said distal 
segment of said body adjacent to the proximal 
end of said tip (T) whereupon the outer surface 
of the distal neck of said balloon (D) is substan- 
tially longitudinally aligned with the outer sur- 
face of said tip (T). 

8. The catheter of any of claims 5 to 7, wherein: 

the proximal end of said tip (T) has an adjacent 
internal mounting shoulder (34) circumscribing 
said lumen (14) extending therethrough; 

said shoulder (34) is mounted to the distal end 
(10) of said distal segment of said body; and 

said tip (T) further comprising; 

an external mounting shoulder (48) acQacent its 
proximal end; and 

said distal neck of said balloon (D) is con- 
nected to said external shoulder (48) where- 
upon the outer surface of the distal neck of said 
balloon (D) is substantially aligned with the 
outer surface of said tip (T) adjacent the proxi- 
mal end of sM tip (T). 

9. the catheter of any of claims 5 to 8, wherein: 

said tip (T) is mounted to the distal extremity of 
said body thereby defining a joint therebe- 
tween; 

said tip (T) having an outer surface substan- 
tially in longitudinal alignment with the outer 
surface of said distal segment of said body; 

said distal neck of said balloon (D) is mounted 
over said aligned outer surfaces. 

10. The catheter of any of claims 1 to 9, wherein the 
balloon (D) has two stages of differing outside 
diameters (236, 238) when said balloon (D) is 
inflated. 

11. The catheter of any of claims 1 to 10. wherein said 
catheter (C) comprises a tip (T) of a radioopaque 
material. 
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12, The catheter of any of claims 1 to 1 1 , wherein the 
balloon (D) Is coated with a combination of silicone 
and heparin. 

13. The catheter of daim 12, wherein the silicone Is a 
silicone type 4159 from Dow Corning company. 

Patentan^rOche 

1 . Angioplastischer Katheter (C) mit einem verl&nger- 
tem KOrper, einem Ballon (D) und Mitteln zum Auf- 
blasen eines Ballons; 

wobei der verlSngerte Kdrper ein Inneres Kar- 
perteil (1) und ein au3eres KOrperteil (B) In 
einer l«oaxialen Anordnung umfaBt; 
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wobei das innere und duBere Kdrperteil zwi- 
schen sich ein Ringrohr (A) zum Aufblasen des 
Ballons (D) definieren, und 20 



der Ballon (D) eine VIelzahl an Abschnitten mit 
verschiedenen AuBendurchmessern besitzt. 
wenn der Ballon aufgeblasen 1st; woraufhin 
derselbe Katheter (C) zur Dilatation einer Ste> 
nose In fortschreitend steigenden GrOBenzu- 
nahmen verwendet werden kann. 



25 
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Katheter nach Anspruch 1, dadurch gekenn- 
zeichnet. daB das innere KOrperteil (1) ein sich ver- 
jOngendes Segment (20) umfaBt. 



IQitheter nach Anspruch 1 Oder 2, dadurch gekenn- 
zeichnei daB das auBere KOrperteil (B) ein sich 
verjOngendes Segment (64) umfaBt. 3S 

Katheter nach einem der AnsprQche 1 bis 3. unnfas- 
send: 



ein erstes Druck-messendes Element, das am 
Katheter (C) befesttgt ist. wobei das erste Ele- 
ment dazu ausgelegt ist, den Druck im GefSB- 
system oder dem KOrperhohlraum des 
Patienten distal (214) von dem Ballon (D) zu 
messen und ein erstes elektrisches Signal 
diesbezQglich zu Qbermitteln; 

ein zweites Druck-messendes Element, das 
am Katheter (C) befestigt ist. wobei das zweite 
Element dazu ausgelegt ist, den Druck im 
GefaBsystem oder dem KOrpertiohlraum des 
Patienten proximal (206) von dem Ballon (D) zu 
messen und ein zweites elektrisches Signal 
diesbezQglich zu Qbermlttein; 

am Katheter (C) befestigte MIttel zur Slgnallei- 
tung (230, 232), die mit dem ersten und zwei- 
ten Druckmessenden Element verbundensind, 
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urn das erste und zweite elektrische Signal von 
dem proximalen Ende des Katheters (C), das 
sich auBerhalb des KOrpers des Patienten 
befindet, zu teiten. 

5. Katheter nach einem der AnsprQche 1 bis 4. der 
Ober eine FQhrung einfahrbar ist, wobei: 

der veriangerte K6rper ein proximales und 
distales Segment eine Spitze (T), welche min- 
destens ein sich dadurch erstreckendes im 
weserrtlichen glattes Bohrungslumen (14) defl- 
niert. ein Lumen (12) in dem KOrper. das in 
einer FlieBveifeindung mit dem Lumen (14) in 
der Spitze (T) steht. wodurch dem Katheter (C) 
ermOglicht wird. Dber eine Fuhrung vorgescho- 
ben zu werden. die sich durch die Lumen (12, 
14) in dem KOrper und in der Spitze (T) 
erstreckt; 

der Ballon (D) in unmittelbarer Nahe zu der 
AuBenoberfiache des distalen Segments des 
KOrpers angebracht ist, wodurch dazwischen 
ein Ballonhohlraum (24) definiert wird, wobei 
der Ballon (D) einen proximalen und distalen 
Hals besitzt, der Ballon (D) im wesentlichen 
proximal zu der Spitze (T) angeordnet ist. der 
distale Hals des Ballons (D) angrenzend zu der 
Verbindung zwischen dem Segment der ver- 
langerten Spitze (T) und dem distalen Ende 
des distalen Segments des Kdrpers ange- 
bracht ist; und 

Mittel innerhalb des KOrpers zum seiektiven 
Aufblasen und Entleeren des Ballons (D) durch 
den Hohlraum (24) besitzt. 

6. Katheter nach Anspruch 5, welcher Qber eine Fuh- 
rung einfOhrbar ist, wobei der KOrper barter als die 
Spitze (T) ist. 

7. Katheter nach Anspmch 5 oder 6, wobei: 

das proximale Ende der Spitze (T) einen 
angrenzenden inneren Befestigungsvorsprung 
(34) besitzt, der das Lumen (14) begrenzt. das 
sich dadurch erstreckt; 

der Vorsprung (34) an dem distalen Ende (10) 
des distalen Segments des KOrpers ange- 
bracht ist; und 

der distale Hals des Ballons (D) direkt mit der 
auBeren Oberfiache des distalen Segments 
des KOrpers angrenzend an das proximate 
Ende der Spitze (T) verbunden ist, woraufhin 
die auBere Oberfiache des distalen Halses des 
Ballons (D) im wesentlichen in Langsrichtung 
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mit der duBeren Oberfldche der Spitze (T) 
fluchtet. 

8. Katheter nach einem der AnsprCkche 5 bis 7, wobei: 

5 

das proximale Ende der Spitze (T) einen 
angrenzenden inneren Befestigungsvorsprung 
(34) besitzt, der das Lumen (14) begrenzt, das 
sich dadurch erstreckt; 

10 

der Vorsprung (34) an dem distalen Ende (10) 
des distalen Segments des Kdrpers ange- 
bracht ist; und 

die Spitze (T) ferner einen an ihr proximales 75 
Ende angrenzenden duBeren Befestigungsvor- 
sprung (48) umfaBt; und 

wobei der distale Hals des Batlons (D) mit dem 
auBeren Vorsprung (48) verfounden ist. worauf- 20 
hin die duBere Oberfldche des distalen Halses 
des Ballons (D) im wesentllchen mit der duBe- 
ren OberflSche der Spitze (T), angrenzend an 
das proximale Ende der Spitze (T), fluchtet 

25 

9. Katheter nach einem der AnsprOche 5 bis 8, wobei: 

die Spitze (T) an dem distalen auBersten Ende 
des Kdrpers angebracht ist. wobei dadurch 
eine Verblndungsstelle dazwischen definiert 30 
wird; 

die Spitze (T) eine duBere Oberfldche besitzt, 
die Im wesentllchen in Ungsrichtung mit der 
SuBeren Oberfldche des distalen Segments 35 
des KOrpers fluchtet; 

der distale Hals des Ballons (D) Qberdenfluch- 
tenden duBeren Oberfldchen angebracht ist. 

40 

10. Katheter nach einem der AnsprOche 1 bis 9, wobei 
der Ballon (D) zwei Abschnitte mit unterschiedli- 
Chen AuBendurchmessern (236. 238) besHzt. wenn 
der Ballon (D) aufgeblasen Ist. 

45 

1 1 . Katheter nach einem der AnsprOche 1 bis 1 0. wobei 
der Katheter (C) eine Spitze (T) aus einem strah- 
ienundurchldssigen f^aterial umlaBt. 

1 2. Katheter nach einem der AnsprOche 1 bis 1 1 , wobei so 
der Ballon (D) mit einer Kombination aus Sllikon 
und Heparin beschichtet ist. 

13. Katheter nach Anspruch 12, wobei das Siiikon ein 
Silikon vom Typ 4159 von Dow Corning Company 55 
Ist. 



Revendlcations 

1. Catheter (C) pour angioplastie ayant un corps 
aIlong6, un ballonnet (D) et un moyen pour gonfler 
le ballonnet; 

ledit corps aIlong§ comprend un §l6ment de 
corps Int6rieur (I) et un 6l6ment de corps ext6- 
rieur (B) disposes de fa^n coaxiale; dans 
lequel : 

r6l6ment de corps int6rieur et r6l6ment de 
corps ext^rieur d6finissent une region annu- 
laire (A) entre eux pour le gonflement du bal- 
lonnet (D), et 

ledit ballonnet (D) comprend plusieurs stages 
de diam^tres ext^rieurs differents lors que ledK 
ballonnet a 6t6 gonfl6 ; de telle sorte que le 
meme catheter (C) peut etre utilise pour dilater 
une st6nose selon des increments dimension* 
nets progressivement croissants. 

2. Catheter suivant la revendication 1 , caract6ris6 en 
ce que ledit 6l6ment de corps int6rleur (I) conprend 
un segment conique (20). 

3. Catheter suivant les revendlcations 1 ou 2. caract^- 
ris6 en ce que ledit 6l6ment de corps ext6rieur (B) 
comprend un segment conique (64). 

4. Catheter suivant I'une quelconque des revendlca- 
tions 1 a 3. comprenant : 

un premier 6l6ment sensible k la pression 
mont§ sur le cath§ter (C). ledit premier 6l6ment 
adapts pour d^tecter une pression dans le sys- 
t6me vasculaire ou la cavit6 corporelle du 
patient de fagon distale (214) par rapport audit 
ballonnet (D) et transmettre un premier signal 
diectrique en relation avec celle-ci ; 
un second 6l6ment sensible k la pression 
mont6 sur le catheter (C). ledit second 6l6ment 
adapts pour detecter une pression dans le sys- 
t^me vasculaire ou la cavit6 corporelle du 
patient de fagon proximale (206) par rapport 
audit ballonnet (D) et transmettre un second 
signal diectrique en relation avec celle-ci; 
un moyen de conduction de signaux (230. 232) 
mont6 sur le cath§ter (C). reli6 auxdits premier 
et second 6l6ments d6tectant une pression 
pour la conduction desdits premier et second 
signaux 6lectriques en provenance de rextr6- 
mit6 proximale du cath6ter (C) situ6e d rext6- 
rieur du corps du patient 

5. Catheter suivant Tune quelconque des revendlca- 
tions 1 k 4. pouvant etre Ins6r6 sur un guide, dans 
lequel: 
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ledit corps allong6 a un segment proximal et un 
segment distal, une pointe (T) qui ddfinit au 
moins une iumidre (14) dont Tal^sage est prati- 
quement lisse et qui la traverse, une lumi^re 
(12) dans ledit corps en communication fluide 
avec ladite lumi^re (14) dans ladite pointe (T) 
de fagon k permettre te defacement du cathe- 
ter (C) sur un guide se prolongeant k travers 
ladite lumi^re (12. 14) dans ledit corps et dans 
ladite pointe (T); 

ledit ballonnet (D) est mont6 en proximit6 
etroite avec la surface ext^rieure dudit seg- 
ment distal dudit corps d§finlssant une cavit6 
de ballonnet (24) entre eux, ledit ballonnet (D) 
a un col proximal et un col distal, ledit ballonnet 
(D) est dispose de fagon pratiquement proxi- 
male de ladite pointe (T), ledit col distal dudit 
ballonnet (D) est montd de fagon adjacente k la 
jonction entre ledit segment k pointe allong^e 
(T) et ladite extr6mit6 distale dudit segment 
distal dudit corps ; et 

un moyen situ6 k llnt^rleur dudit corps pour 
gonf ler et d^gonf ler de fagon s6lective ledit bal- 
lonnet (D) k travers ladite cavit6 (24). 

6. Catheter suivant la revendication 5, pouvant dtre 
ins6r6 sur un guide, dans lequel ledit corps est plus 
dur que ladite pointe (T). 

7. Catheter suivant les revendlcations 5 ou 6, dans 
lequel : 

Textrdmite proximale de ladite pointe (T) pr6- 
sente un 6paulement de montage Intdrieur 
adjacent (34) entourant ladite lumi^re (14) qui 
la traverse; 

ledit 6paulement (34) est mont§ k rextr6mlt6 
distale (10) dudit segment distal dudit corps : et 
le col distal dudit ballonnet (D) est reiid directe- 
ment sur la surface exterieure dudit segment 
distal dudit corps acQacent k rextr^it6 proxi- 
male de ladite pointe (T) de telle sorts que la 
surface exterieure du col distal dudit ballonnet 
(D) est alignie de fagon pratiquement iongitu- 
dinale avec la surface exterieure de ladite 
pointe (T). 



ledit col distal dudit ballonnet (D) est relie audit 
epaulement exterieur (48) de telle sorte que la 
surface exterieure du col distal dudit ballonnet 
(D) est alignee pratiquement avec la surface 
5 exterieure de ladite pointe (T) adjacente k 

I'extremlte proximale de ladite pointe (7). 

9. Catheter suivant Tune quelconque des revendica- 
tions 5^8, dans lequel : 

10 

ladite pointe (D est montee k Textremite distale 
dudit corps de fagon k definir une articulation 
entre eux; 

ladite pointe (T) ayant une surface exterieure 
15 qui est alignee de fagon pratiquement longitu- 

dinale avec la surface exterieure dudit segment 
distal dudit corps; 

ledit col distal dudit ballonnet (D) est monte sur 
lesdites surfaces exterieures afignees. 

20 

10. C^atheter suivant Tune quelconque des revendica- 
tions 1 k 9, dans lequel le ballonnet (D) comprend 
deux etages de diametre exterieur differerrt (236, 
238) lorsque ledit ballonnet (D) est gonfie. 

25 

11. Catheter suivant Tune quelconque des revendica- 
tions 1 k 10, dans lequel ledit catheter (C) com- 
prend une extremite (T) d'un materiau radio 
opaque. 

30 

12. Catheter suivant Tune quelconque des revendica- 
tions 1^11. dans lequel le ballonnet (D) est rev§tu 
d'une combinaison de silicone et d'heparine. 

35 1 3. Catheter suivant la revendication 1 2. dans lequel !e 
silicone est un type 4159 de silicone provenant de 
la Dow Corning company 
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8. Catheter suivant Tune quelconque des revendica- 
tions 5k7, dans lequel : 

so 

rextremlte proximale de ladite pointe (T) a un 
epautementde montage interieur adjacent (34) 
entourant ladite lumiere (14) qui la traverse; 
ledit epautement (34) est monte k I'extremite 
distale (10) dudit segment distal dudit corps ; et ss 
ladite pointe (T) comprenant de plus : 
un epaulement de montage exterieur (48) adja- 
cent k son extremite proximale ; et 
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